This paper describes a gamma detector employing an array of eight cadmium-zinc-telluride (CZT) crystals configured as a high resolution gamma ray spectrometer. This detector is part of a more complex instrument that identifies the isotope, displays this information, and records the gamma spectrum. Various alarms and other operator features are incorporated in this battery operated rugged instrument.
Each crystal pair produces a spectrum that is stored independently of the other three spectra. An initial calibration of a detector module, using 241 Am, 57 Co, and 133 Ba sources, produces a gain (in keV/ch) and an offset (in keV) from a least squares fit for each of the four spectrometer channels. These data are stored in RAM and are used by the control program to digitally sum the four spectra, corrected for the gain and offset variations for each of the four channels A temperature sensor within the module is used to provide an overall gain correction with normalization to a calibration temperature. The resulting spectrum is then used for isotope identification.
RADIOLOGICAL PERFORMANCE

8-crystal array
Figures 4 through 10 present spectra obtained with the 8-crystal detector module in the battery powered instrument. The crystals used for these measurements were obtained from eV Products and are 5 x 5 x 5 mm cap electrode crystals. They were selected as noted above from various lots of crystals with the generic specification of < 4% FWHM at 57 Co. These measurements and other medical isotope data were used to construct the usual FWHM resolution vs. energy curve. This curve is shown in Figure 11 . The same data were used to construct the efficiency curve shown in Figure 12 .
The resolution data at FW.02M were also obtained from the same set of spectra. This width encloses most of the counts associated with a gamma peak. Some are lost due to the low energy tailing. If we use this width, the measured efficiency (again using the FW.02M criterion), and measured background spectra, the Minimum Detectable Activity (MDA) can be determined. We have used a 3 σ elevation above background within the FW.02M window centered on the peak, as the minimum detectable counting rate. This simple method yields the MDA table shown in Table 1 for a detector to source distance of 20 cm. Table 2 presents MDA data for a detector to source distance of 1 meter. The various equations used to construct the entries are given at the end of the table. Note that the MDA values are specific to a distance and a collection time. In addition, the background used was taken at Santa Barbara, near sea level. Santa Barbara has mostly sedimentary rocks and clay soil. Lastly, these MDA values are specific to the 8-crystal array.
The MDA concept allows direct comparison between different detectors, at least for single sources and uncomplicated geometry. Table 3 presents some comparison data for common scintillators and the 8-crystal-CZT array. This comparison is slightly misleading in some cases, but provides a reference to start with. Figures 13 and 14 show one instance of a scintillator spectrum that would be difficult to interpret compared to similar data from the CZT array that is much more clear. In this case, where 131 I and 239 Pu are placed together, the usual 2 x 2 NaI scintillator will produce a combined spectrum as shown in Figure 13 . The 131 I +
239
Pu peak shape is different from that of 131 I alone, but the difference is subtle. In Figure 14 the 414 keV peak of 239 Pu is clearly seen and will permit identification of this isotope in the presence of 131 I. Other 131 I peaks must be used to verify the presence of this isotope.
32-crystal array
We have combined the basic 8-crystal array with three identical units resulting in a 32-crystal array. In this detector we multiplexed each of the 16 pairs of CZT crystals into one MCA and recorded 16 individual spectra. These spectra were then gain and offset corrected, digitally summed, and the resulting spectrum used for isotope identification.. Representative spectra are presented in Figures 15 through 20 , and an MDA table presented in Table 4 . These data show some resolution degradation due partly to the summing process and partly due to poorly matched crystal pairs. Current technology would improve the overall results and will be demonstrated in August 2003.
CONCLUSIONS
It is possible to construct a portable gamma spectrometer using multiple CZT crystals. The 8-crystal detector has acceptable resolution and efficiency to be used for isotope identification in the field. An instrument constructed using this 8-crystal array has proven to be very rugged and readily capable of identifying the common medical, industrial, and SNM isotopes. MDA tables have been presented, based upon measured data using this instrument, that estimate MDA values for practical distances and collection times for hand-held instruments. Efficiency in counts per gamma = 125090*keV^ -2.7780, excluding the 59 and 81 keV points 3 sigma bkg = 3*SQRT(bkg in counts/channel-second at a given keV*FW.02M in channels at the same keV), measured data used for 59 keV point Table 2 . MDA for an 8-crystal array at 1 meter. Efficiency in counts per gamma = 125090*keV^ -2.7780, excluding the 59 and 81 keV points 3 sigma bkg = 3*SQRT(bkg in counts/channel-second at a given keV*FW.02M in channels at the same keV), measured data used for 59 keV point . 239
Pu spectrum, 32-crystal array, log scale.
